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Biological relevance within lists of genes
High-density microarray and proteomic technologies have enabled the discovery of global patterns of biological responses with respect to experimental or natural perturbations [1] . Much work has addressed the issues of data normalization and statistical selection of genes significantly modulated or clustered based upon expression profiles [2] . The net result of these efforts is one or more lists of genes. Unfortunately, little work has addressed the issue of rapidly identifying biological themes in such lists [3] . Most investigators currently annotate genes one at-a-time using internet-based databases or manual literature searches. Following this tedious process, many researchers struggle to identify the most salient biological themes in order to make sense of their results and have no systematic way to prioritize these themes for further analysis. A parallel issue in interpreting such data regards how to leverage the everexpanding flood of functional genomic data and tools. We developed the Expression Analysis Systematic Explorer (EASE) to automate the process of biological theme determination for lists of genes and to serve as a customizable gateway to online analysis tools. This is the first report to show that the highest-ranking themes derived by a computational method can recapitulate manually derived themes in previously published results, and that these themes are stable to varying methods of gene selection.
EASE performs three basic functions with any list of genes: 1) overrepresentation analysis of functional gene categories, 2) customizable linking to online tools, and 3) creation of descriptive annotation tables. Each of these functions uses a system of tab-delimited text files that are easy to customize and update. EASE is an The user has a choice of two statistical measures of over-representation: the one-tailed Fisher exact probability or a variant thereof--referred to as the "EASE score"--calculated by penalizing (removing) one gene within the given category from the list and calculating the resulting Fisher exact probability for that category. The EASE score represents the lower bound of all possible jackknife probabilities and has advantages in terms of penalizing the significance of categories supported by few genes. The EASE score thus favors more robust categories than the Fisher exact probability. Furthermore, most of these data files can be updated from their original internet sources at any time by clicking the "Update with the Most Recent Online Data" button ( Figure 1 ).
Storage of these data to local tab-delimited text files allows for quick access and obviates any concern regarding the transmission of confidential research results over the internet.
Exploring a gene list with EASE
The Calculating statistics on thousands of gene categories can lead to a few seemingly significant probabilities due simply to random chance. To address this multiple comparison issue, EASE is capable of implementing a wide variety of probability corrections including Bonferroni-type methods and bootstrap methods performed by iteratively running over-representation analyses on random gene lists to more accurately determine the true probability of observing a given categorical enrichment. Nevertheless, the power of EASE is most appropriately viewed as an exploratory tool to direct the attention of the researcher to enriched biological themes by prioritizing functional categories based on the significance of over-representation. 
EASE themes recapitulate manually-determined themes
The published gene lists of Kayo et al. [5] were re-analyzed with EASE to test the ability of EASE to generate themes comparable to manually determined themes. In the Kayo study, the authors generated four gene lists corresponding to genes up-and down-regulated in primate muscle in response to aging or caloric restriction. These gene lists were analyzed with the categorical over-representation function of EASE using EASE scores that were corrected for multiplicity using 10,000 bootstrap iterations.
All significant (p<0.05) categories resulting from each list were compared to the themes to the lack of relative enrichment for "inflammation / immunity" genes in the list of genes up-regulated with aging (7.5%) relative to all "inflammation / immunity" genes on the HuGeneFL microarray (8.9%). Therefore, any random list of the same size would be expected to result in about the same number of "immunity / inflammatory response" genes as the Kayo list. Similarly, no significant enrichment was detected for the "stress response / oxidative stress" theme (8.3% vs. 7.8% on list and microarray, respectively).
Nevertheless, the discovery of all manual themes by EASE for the majority of gene lists demonstrates the power of EASE to dramatically reduce the time required to interpret microarray results while adding a statistical measure of confidence to the interpretation.
EASE themes are robust
Eight methods using different combinations of chip-to-chip normalization [7] . Gene expression intensity was determined using either the MAS 4 average difference method or the dChip MBEI, and significantly up-regulated genes were identified using either a paired student T statistic (t>2.2) or Significance Analysis of Microarrays (SAM; d>2.2) [8] . The eight resulting lists were analyzed with the categorical over-representation function of EASE using EASE scores that were corrected for multiplicity using 10,000 bootstrap iterations ( Figure 3 ). 
